The retinoblastoma tumor suppressor protein (pRB) is a potent inhibitor of mammalian cell growth and the functional inactivation of pRB is widely presumed to be essential for progression of the cell cycle from G 1 phase. In this work, the generality of pRB-based cell cycle control in mammalian cells was addressed by conditionally expressing pRB in cytokine-dependent hematopoietic cells. We show herein that these cells are able to progress through the cell cycle in response to cytokine despite the continued presence of supraphysiological amounts of wild-type pRB or phosphorylation-resistant pRB mutants. However, their growth was strongly blocked by ectopic expression of the pRB-related pocket protein, p130. This growth inhibition required the E2F-binding pocket domain but not the cyclin-binding domain of p130. Furthermore, increased amounts of the p130-controlled E2F, termed E2F-4, potentiated the mitogenic response of the cells to cytokine and the constitutive overexpression of E2F-4 rendered the cells cytokine-independent. Our results indicate the existence of a non-pRB-based cell cycle whose operation depends primarily on the interplay between p130 and E2F-4 in certain hematopoietic cells.
In mammalian cells, the decisions regulating cell proliferation are executed through a dynamic competition between positive and negative growth signals. Cells commit to divide at the cell cycle check point termed the restriction point in late G 1 phase of the cell cycle by integrating growth-related information from inside and outside the cell (1) . When the intracellular or extracellular environment is not satisfactory for proliferation, cells reset the cell cycle program and return to a quiescent state, called G 0 phase.
The retinoblastoma tumor suppressor protein (pRB) is a nuclear phosphoprotein ubiquitously expressed in somatic cells. It acts as a potent inhibitor of cell growth and is thought to play a crucial role in the decision-making at the restriction point (2, 3) . The action of pRB is currently explained by its physical interaction with cellular targets, notably E2F transcription factors. Hyperphosphorylation of pRB in late G 1 phase of the cell cycle by cyclin-dependent kinases (CDKs) abolishes the ability of pRB to form complexes with E2Fs. Once freed from pRB, the E2Fs are thought to provoke a wave of transcription that is essential for G 1 to S phase progression and subsequent cell division (4) .
pRB receives phosphorylation at multiple serine͞threonine residues by G 1 cyclin-CDK complexes (2, 3) . The activities of CDKs are regulated at multiple levels that include cyclin binding, regulatory phosphorylation, and association with two distinct families of CDK inhibitors (CKIs) (5) . One of the CKIs, p16 INK4A , selectively inhibits cyclin D-CDK4͞6 kinase activity through its specific binding to the CDK4 or CDK6 (6) .
Two pRB-related proteins, p107 and p130, share common structural organization, termed the ''pocket domain,'' with pRB (7) (8) (9) (10) . These pRB family proteins interact with DNA tumor virus oncoproteins and cellular targets such as E2Fs via the pocket domain. p107 and p130 are structurally closer to each other than to pRB, suggesting the existence of functional redundancy between the two proteins. Indeed, p107 and p130 share the unique property of forming complexes with cyclin E or cyclin A in the presence or absence of CDK2, whereas pRB does not (11) (12) (13) .
Recent studies have shown that each member of the pRB family proteins binds a distinct subset of E2Fs at different stages of the cell cycle. Of the five E2Fs identified to date, pRB preferentially interacts with E2F-1, E2F-2, and E2F-3, whereas p107 and p130 specifically interact with E2F-4 and E2F-5 (14) (15) (16) (17) (18) (19) (20) . Accordingly, each of pRB family appears to regulate distinct E2F species and dictate distinct target gene activation (20) . p107 and p130 are also phosphorylated in a cell-cycledependent manner and may be substrates for cyclin Ddependent kinases (21, 22) . This suggests that their function is also regulated by a manner analogous to pRB.
Despite extensive structural and functional similarities among pRB family proteins, the special importance of pRB in cell cycle regulation has been suggested by the observation that cyclin D-dependent kinase activities are essential for the G 1 ͞S transition in cells possessing functional pRB but are completely dispensable in cells lacking it (23, 24) . In accord with this observation, ectopic overexpression of p16 INK4A inhibits cyclin D-CDK kinase activity and represses cell proliferation only in those cells that possess functional pRB (25, 26) . These observations raise the possibility that pRB is the only biologically critical substrate of cyclin D-CDK4͞6 complexes.
The critical role of pRB in cell growth regulation is further supported by the observation that loss of pRB function, either through genetic mutation or dysregulated phosphorylation, is widely observed in a variety of human cancers (2, 3) . However, in certain cell types, such as those of hematopoietic origin, mutation of the retinoblastoma gene (RB) is rarely associated with cellular transformation (27) (28) (29) . Furthermore, inactivation of pRB does not appear to increase the oncogenic potential of hematopoietic cells, suggesting differential sensitivity to pRB in cellular transformation among various cell types (30) . Accordingly, it is still uncertain whether the pRB-based cell cycle control is operative in all cell types throughout the body, as is widely presumed, or whether this control operates only in some cell types, with others having an alternative control circuitry. The operation of the latter is suggested by the existence of the pRB-related pocket proteins and the multiple E2F species. In this work, we addressed the centrality of pRB and the related pocket protein in hematopoietic cell cycle control by conditionally overexpressing them in cytokinedependent lymphoid cells. We report evidence for an alternative mechanism of cell cycle control that does not depend on pRB.
MATERIALS AND METHODS
Construction of Plasmids. The TcIP promoter was made from the tetracycline (Tc)-repressible promoter (31) by introducing an additional regulatory element, the Escherichia coli lac operator, adjacent to the Tc-repressible transactivator (tTA)-responsive elements. pOPTET-BSD is an inducible cDNA expression vector having the TcIP promoter and the blasticidin-resistance gene as a drug-selection marker. pOPTET-puro was constructed from pOPTET-BSD by replacing the blasticidin-resistance gene with the puromycinresistance gene. pRB⌬S͞T-P was generated from a cDNA encoding pRB⌬p34HA mutant (a gift from P. Hamel) (32) by oligonucleotide-mediated mutagenesis with the use of Chameleon site-directed mutagenesis system (Stratagene) according to the manufacturer's instructions. The positions changed to alanine in pRB⌬S͞T-P were Ser-224, -243, -561, -601, -605, -772, -781, -786, -787, -788, -800, -804, -814, and -819 and Thr-246, -350, -364, and -367. A cDNA encoding p130(⌬620-697) (33) was a gift from P. Whyte. A cDNA for p130(⌬846-1119) was made by introducing a synthetic oligonucleotide encoding the C-terminal 20 amino acids of human p130 (that are recognized by anti-p130 antiserum) and a termination codon into the Bst1107I site of the p130 cDNA. cDNAs encoding human pRB, pRB⌬p34HA, and pRB⌬S͞T-P were respectively inserted into the pOPTET-BSD. Human p130 cDNA was cloned into pOPTET-puro.
Generation of Stable Transfectants. The 6-1 cell is a double transfectant of a cytokine [either interleukin-2 (IL-2) or IL-3]-dependent mouse pro-B cell line, F7 (34) , made by successively transfecting pUHD15-1, an expression vector for tTA (31) , and p3'SS, an E. coli lac repressor expression vector (35) . Cells were maintained in RPMI 1640 medium containing 10% fetal calf serum and 20% WEHI-3B-conditioned medium as a source of IL-3 (20%WEHI) or recombinant IL-2 (128 units͞ml). For stable transfection, 1 g of the linearized vector DNA and 20 g of carrier DNA were transfected into 1 ϫ 10 7 6-1 cells by electroporation. Transfected cells were selected 48 h after transfection by adding blasticidin S (20 g͞ml) or puromycin (1.5 g͞ml) to the culture medium containing Tc (1 g͞ml). Two to 3 weeks after transfection, drug-resistant cells were cloned as single cells by the limiting dilution method.
Protein Induction and Immunoblot Analysis. Stable transfectants were cultured in medium supplemented with Tc (1 g͞ml) to suppress cDNA expression. For protein induction, cells were washed twice with PBS and cultured in medium containing 5 mM isopropyl ␤-D-thiogalactopyranoside (IPTG) without Tc for 24-48 h before cell lysates were prepared. Cells were lysed in ELB buffer (36) and cell lysates were loaded on a 7.5% SDS͞polyacrylamide gel and blotted onto poly(vinylidene difluoride) (PVDF) membrane filter. Proteins were visualized with the ECL detection system (NEN). Antibodies used for immunoblot analysis were purchased from Santa Cruz Biotechnology except anti-pRB (product 14001A, PharMingen); anti-p130 (product sc-317), anti-E2F-4 (product sc-866), and anti-HA (product sc-805).
Electromobility Shift Assays. E2F-DNA binding assay was performed as described (18) with a minor modification to improve the separation of each complex; whole cell lysates were cleared by centrifugation at 100,000 ϫ g for 30 min at 4°C before binding reactions. Antibodies used for supershift assays were purchased from Santa Cruz Biotechnology except antipRB(product 14051A, PharMingen), anti-E2F-1(product sc193x), anti-E2F-2 (product sc-633x), anti-E2F-3 (product sc878x), anti-E2F-4 (product sc-1082x), anti-E2F-5 (product sc-1083x), anti-p107 (product sc-318), and anti-p130 (product sc-317).
IL-2 Dose-Response Analysis. Cells were growth-arrested in G 0 ͞G 1 phase by culturing with IL-2 (0.1 unit͞ml) in the presence of Tc or IPTG. After 24 h, 1 ϫ 10 4 cells were restimulated with various concentrations of IL-2 for 24 h and pulse-labeled with 1 Ci of [ 3 H]thymidine (1 Ci ϭ 37 GBq) for the last 4 h as described (34) .
Cell Growth Curve. Cells were cultured in medium containing recombinant IL-2 (128 units͞ml) or 20%WEHI as an IL-3 source in the presence of Tc or IPTG. At 24-h intervals, cells were harvested, and viable cell numbers were counted by the trypan-blue dye exclusion method.
RESULTS
Conditional Expression of pRB in Cytokine-Dependent Hematopoietic Cells. To investigate the roles of pRB in hematopoietic cell cycle control, we constructed a system that allowed us to induce the expression of pRB in a highly controlled manner in hematopoietic cells. In this system, the Tc-repressible promoter was modified by introducing an additional regulatory element, the E. coli lac operator. As a result, gene expression from the modified promoter (designated the ''TcIP promoter'') was strongly repressed by Tc and was potently induced by the lactose analog IPTG in cells that coexpress tTA (31) and the lac repressor (LacI) (35) . A mouse Ba͞F3-derived pro-B lymphoid cell line, F7, whose growth is strictly dependent on either IL-2 or IL-3, was chosen to examine the effect of pRB on cytokine-dependent cell cycle progression (34) . To make the TcIP promoter active and regulatable, expression vectors for tTA and LacI were sequentially transfected into F7 cells and a transfected clone, 6-1, that stably coexpresses tTA and LacI was established.
Effect of pRB on Cytokine-Triggered Cell Cycle Entry and Progression. The 6-1 cells expressed endogenous pRB at levels comparable to those expressed in mouse spleen cells (data not shown). A cDNA encoding full-length human pRB was connected downstream of the inducible TcIP promoter and was transfected into 6-1 cells. After drug selection, we established more than 10 stably transfected clones that conditionally express the cDNA-encoded pRB. Of these, two clones, RB-3 and RB-8, were arbitrary chosen and subjected to detailed analysis. Levels of pRB in these pRB-transfectants cultured in the presence of Tc were almost identical to those detected in the parental 6-1 cells, suggesting that the promoter was strongly repressed by Tc. This indicates that, during the establishment of transfectants, these cells were not affected by the ectopic pRB. However, treatment of the RB-3 and RB-8 cells with IPTG after removal of Tc gave a robust induction of pRB within 24 h (Fig. 1A Top) .
In cells where the pRB-based cell cycle control operates, accumulation of the functional, hypophosphorylated form of pRB should block or at least retard S-phase entry until mitogenic signals succeed in neutralizing the pRB. Hence, the pRB transfectants were cultured in medium containing extremely low levels of IL-2 (0.1 unit͞ml) as a survival (or anti-apoptotic) factor. Under these cytokine-starved conditions, cells arrested in the G 0 ͞G 1 phase of the cell cycle within 24 h without showing any apoptotic changes (data not shown). Upon IPTG treatment, the growth-arrested cells expressed approximately 50-fold higher levels of the hypophosphorylated pRB than did uninduced cells ( Fig. 1 A Middle) . This result demonstrates that the cDNA expression system efficiently induces pRB in cycling and growth-arrested states. The growth-arrested cells were then restimulated with various concentrations of IL-2 and DNA synthesis was monitored by measuring [ 3 H]thymidine incorporation. As shown in Fig. 1 A Bottom, the accumulated hypophosphorylated pRB failed to Biochemistry: Hoshikawa et al.
Proc. Natl. Acad. Sci. USA 95 (1998) block or even retard the cytokine-triggered cell cycle entry and progression. Consistent with this, pRB did not significantly alter the IL-2-or IL-3-dependent cell growth despite its continued overexpression (Fig. 1B) . This lack of growth inhibition by pRB might be due to the fact that virtually all of the expressed pRB was neutralized by CDK-dependent phosphorylation that was induced in response to cytokine. Alternatively, these cytokine-dependent lymphoid cells might be able to proceed through the cell cycle independent of the configuration of pRB. In either case, the result clearly demonstrated that pRB level per se is not a critical factor in determining cellular responsiveness to cytokine. Effect of Phosphorylation-Resistant pRB on CytokineDependent Cell Growth. To address whether 6-1 cells are capable of progressing through the cell cycle in a pRBinsensitive manner, we used a phosphorylation-resistant pRB mutant, pRB⌬p34HA, that was made by introducing artificial mutations into eight CDK consensus phosphorylation sites in mouse pRB (32) . The mutant pRB has been shown to form stable complex with E2F-1 in cells that possess uncontrolled pRB kinase activity because of the lack of p16 INK4A (37, 38) .
Ectopic expression of wild-type pRB in SAOS-2 human osteosarcoma cells, which lack functional pRB, is known to induce G 0 ͞G 1 -phase cell cycle arrest that is associated with a large flat cell phenotype (36) . This pRB-induced flat cell formation is blocked by coexpressing cyclin E or adenovirus E1A (36) . Introduction of the pRB⌬p34HA mutant into SAOS-2 cells also induced efficient flat cell formation. However, in contrast to the effects of wild-type pRB, the flat cell induction by the pRB⌬p34HA mutant was totally resistant to cyclin E coexpression, indicating that pRB⌬p34HA is highly resistant to CDK-mediated phosphorylation and associated inactivation (data not shown).
Stable transfectants that conditionally overexpress the pRB⌬p34HA mutant were established from 6-1 cells. On IPTG treatment, the transfectants, ⌬p34-HA9 and ⌬p34-HA14, expressed pRB⌬p34HA at approximately 50-fold higher levels than the endogenous pRB in both cycling and growth-arrested states (Fig. 2 A Top and Middle) . The growtharrested transfectant cells were then restimulated with various doses of IL-2 and DNA synthesis was monitored by [ 3 H]thymidine incorporation into DNA. Despite its phosphorylationresistance, the PRB⌬p34HA mutant had only a marginal inhibitory effect on 6-1 cell cycle entry and progression (Fig.  2 A Bottom) and cells started to grow upon IL-2 or IL-3 stimulation despite the presence of pRB⌬p34HA (Fig. 2B) .
Because the pRB⌬p34HA mutant still possesses several serine and threonine residues that are a potential target of CDK, we generated another phosphorylation-resistant pRB mutant, pRB⌬S͞T-P, from pRB⌬p34HA by using sitedirected mutagenesis to replace additional 10 serine and threonine residues that constitute serine-proline and threonine -proline motifs with alanine residues. As with pRB⌬p34HA, pRB⌬S͞T-P possesses an N-terminal hemagglutinin (HA) tag and is recognized by anti-HA antibody. Ectopic expression of pRB⌬S͞T-P in SAOS-2 cells also induced strong G 0 ͞G 1 cell cycle arrest that was associated with large flat cell phenotype and the flat cell formation by pRB⌬S͞T-P was resistant to cyclin E but was sensitive to E1A (data not shown). Thus, like pRB⌬p34HA, pRB⌬S͞T-P retained its ability to sequester E2Fs but resisted CDK-mediated inactivation.
The 6-1-derived stable transfectants, RB⌬S͞T-P-3 and RB⌬S͞T-P-5, that conditionally express the pRB⌬S͞T-P mutant, which possesses an HA epitope at the N terminus, were established and the inducible expression of the mutant pRB was examined by immunoblotting with anti-pRB or anti-HA (Fig. 2C) . Induction of the pRB⌬S͞T-P mutant in the stable transfectants again gave only a weak inhibition of the cell growth, and the cells were fully capable of proceeding through the cell cycle despite continued presence of the phosphorylation-resistant pRB (Fig. 2D) . We concluded from these observations that pRB has a very limited ability, if any, to regulate the growth of the hematopoietic cells, leaving open the possibility that another regulator is primarily responsible for the cell cycle control in this cell.
Effect of p130 on Cytokine-Dependent Cell Growth. Because p130 and not p107 was predominantly expressed in the growth-arrested 6-1 cells, we next addressed the effects of the inducible ectopic expression of p130 on the growth of these cells. In striking contrast to the actions of pRB, elevated levels of wild-type p130 at 2-to 5-fold more than the endogenous levels elicited strong cell growth suppression (Fig. 3 A and B) . In these p130 transfectants, cellular responses to low-doses of IL-2 (less than 8 units͞ml) were also significantly impaired under culture condition where protein induction was suppressed by Tc (Fig. 3A) . This was most likely due to the leaky expression of p130 from the inducible promoter despite the presence of Tc. Hence, relatively small changes of intracellular p130 levels appeared to alter cellular responsiveness to IL-2 significantly.
p130 and p107 are able to inhibit cyclin A͞E-CDK2 kinase activity by direct binding (39) . This raised the possibility that the p130-mediated growth inhibition was due to CDK inhibition. To test this, we conditionally expressed a p130 mutant that lacked the cyclin A͞E-CDK binding region, p130(⌬620- (33) . The mutant p130 was still capable of inhibiting the growth of the 6-1 cells (Fig. 3 C and D) . In contrast, another p130 mutant, p130(⌬846-1119), which lacked the functional pocket domain but retains the CDK binding spacer region totally lost its growth-suppressing activity as examined by conditional overexpression. The result indicates that the growth inhibition was due to the pocket function of p130 and not to its ability to bind cyclin A and E. E2F Species Expressed in the Cytokine-Dependent Cells. The only known proteins shown to date to specifically interact with the pocket domain of p130 in vivo are E2Fs. Of five E2F species isolated, E2F-1, E2F-2, and E2F-3 are found specifically associated with pRB. In contrast, E2F-4 and E2F-5 preferentially interact with p107 and p130 (14) (15) (16) (17) . As reported in cell types such as fibroblasts and lymphocytes (13, 18, 19) , E2F-4 was predominantly expressed throughout the cell cycle in 6-1 pro-B cells and the p130͞E2F-4 complex represented a prevalent form of E2F activity in the growth-arrested 6-1 cells as measured in an E2F gel shift-supershift assay (Fig.  4A) . On the other hand, the activities of other E2Fs except E2F-3 were hardly detectable in both cycling and growtharrested 6-1 cells. The p130͞E2F-4 complexes detected in the growth-arrested 6-1 cells disappeared after cytokine stimulation, and free E2F-4 as well as E2F-4 complexed with p107 were readily detectable in cycling 6-1 cells (Fig. 4A) . However, in the p130 transfectant that ectopically expresses p130, the induced p130͞E2F-4 complex persisted despite the cytokine stimulation (Fig. 4B) . This suggested that p130 inhibited the cell cycle of these cells by preventing the accumulation of free E2F-4. In contrast, in cells overexpressing pRB⌬S͞T-P, the phosphorylation-resistant pRB mutant could not sequester E2F-4 sufficiently enough to halt the cell cycle (Fig. 4C) , potentially due to lower binding affinity or the unstable nature of the pRB͞E2F-4 complex (14) (15) (16) (17) .
Effect of E2F-4 on Cytokine-Dependent Cell Growth. To address the role of E2F-4 in the cytokine-dependent growth of the 6-1 cells more directly, we generated 6-1-derived stable transfectants that conditionally express E2F-4 after IPTG treatment. Culturing these E2F-4 transfectants in cytokinefree medium containing IPTG allowed the cells to grow in the absence of cytokine. The cells all expressed high levels of E2F-4 and their growth was totally independent of cytokine (Fig. 5) . In the control experiment, cells transfected with an empty vector never survived more than 3 days in the absence of cytokine.
DISCUSSION
In this work, we addressed the generality of the pRB-based cell cycle control in mammalian cells, particularly focusing on the role of pRB in cytokine-dependent proliferation of hematopoietic cells in which genetic inactivation of RB is rarely associated with the cellular transformation.
We demonstrate that in the 6-1 pro-B lymphoid cell line, the growth-promoting signals triggered by either IL-2 or IL-3 are able to initiate DNA synthesis and subsequently cell cycle progression, despite a continued presence of the functional hypophosphorylated form of pRB. We further demonstrate that this pRB-insensitive proliferation was strongly inhibited by wild-type p130. The same results were also obtained in another IL-3-dependent hematopoietic cell line, 32D, by using the same conditional expression system; IL-3-dependent growth of the 32D myeloid cells was resistant to pRB but was sensitive to p130 (data not shown), indicating that the observation is not unique to the 6-1 cells. Our work thus revealed the existence of cells whose cell cycle can progress without using pRB-controlled cellular proteins and hence argues strongly against the idea that pRB inactivation is an obligatory point of convergence for cell cycle progression in all somatic cells.
The insensitivity of the 6-1 cells to pRB indicates that critical E2F functions required for G 1 -cell cycle progression can be sufficiently executed by E2F species that are not under the control of pRB. Moreover, the possibility exists that 6-1 cells are insensitive to nonphosphorylatable pRB due to their lack of pRB-specific E2Fs that might be required for pRB to repress certain genes upon complex formation with pRB.
The p130-mediated growth inhibition required the pocket region of p130 that is used to interact with E2Fs but did not require the spacer region that is needed to regulate CDK2 activity. To date, the only known cellular proteins that interact with the p130 pocket region are E2F-4 and E2F-5 (14) (15) (16) (17) (18) (19) 33) . In 6-1 cells that had been growth-arrested by cytokine starvation or p130 overexpression, the only E2F activity detected by the gel shift assay was E2F-4 complexed with p130. This suggests that the p130-mediated cell cycle block in 6-1 cells was due to p130 binding to E2F-4 and that p130͞E2F-4 complexes in the growth-arrested 6-1 cells represent a critical target that must be disrupted by cytokine signals to permit progress through the cell cycle. Accumulation of free E2F-4 or decrease of the p130͞E2F-4 complex that functions as a general transcription repressor (40) may suffice to allow these cells to enter into S phase and subsequent cell cycle progression. This notion was supported by the conditional expression of E2F-4 in the 6-1 cells. Elevated levels of E2F-4 clearly potentiated the mitogenic response of the cells to cytokine. Furthermore, constitutive overexpression of E2F-4 was able to convert the cytokine-dependent cells into factor-independence. Hence, E2F-4, whose activity is negatively regulated by p130 through complex formation, is indeed a potent positive regulator of the cytokine-dependent cell cycle in the 6-1 cells. In this regard, the p130-related p107 also preferentially interacts with E2F-4 at different stages of the cell cycle. Accordingly, interactions between p107 and E2F-4 may also be involved in the regulation of the pRB-insensitive cell cycle. Although pRB does not bind E2F-4 with high affinity, E2F-4 is identified as a major binding partner of pRB in cells entering late G 1 to S phases (18, 19) . With this observation in mind, a slight inhibition of the 6-1 cell growth by overexpressed phosphorylation-resistant pRB may be explained by the stabilized interaction between pRB and E2F-4.
If p130 is a critical regulator of cell cycle in certain cell types, then one would expect a clear phenotype such as abnormal hematopoietic cell proliferation in mice lacking p130. However, p130 nullyzygous mice develop normally and do not manifest obvious hematological abnormalities (41) . This indicates that critical functions of p130 in cell growth and differentiation may be effectively compensated by the p130-related p107 due to its largely redundant function with p130 (20) . It is also possible that an as-yet-uncharacterized pocket protein recently reported (20) might function redundantly with p130.
In cell types such as fibroblasts, ectopic expression of wild-type pRB induces strong growth suppression, and inhibition of cyclin D-CDK by p16 INK4A blocks G 1 to S phase progression in pRB-positive cells but not in pRB-negative cells (23) (24) (25) (26) . This indicates that in such cells the p130 and p107 proteins are not critical regulators of proliferation even though they are expressed and their phosphorylation and inactivation are inhibited by ectopically expressed p16 INK4A (23) (24) (25) (26) . Hence, in fibroblasts, pRB is the critical pocket protein involved in the regulation of the cell cycle progression. Our present work demonstrates that the converse situation may also be true. Thus, there are cells in which the phosphorylation of pRB is unimportant and where other pRB-related pocket proteins assume central control of proliferation.
